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(71; We, Matsushita Electric In- 
dustrial Company Limited, a Japanese 
Company, of Kadoma, Osaka, Japan, do here- 
toy declare die invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, -to 
be particularly described in and by the follow- 
ing statement : — 

The present invention relates to woven 
resistance elements. 

Conventional woven resistance elements of 
the type in which an electrical resistance wire 
is woven into a fabric base have the drawback 
Jfrat the appearance of the element as spoiled 
by wrinkles or frizzles present in line surfaces 
thereof. These wrinkles are caused by the fact 
that, in weaving the heating wire with warp 
yarns together with a weft yarn, the resist- 
ance wire is slackened as the movement of a 
shuttle carrying the wire is reversed, thus al- 
lowing the latter to depart from its predeter- 
mined rectilinear state due to the curvature 
imparted previously -to the wire during storage 
on a spool. 

It is, therefore, an object of the present in- 
vention to reduce the aforestated drawback. 

According to the present invention there is 
provided a woven heater comprising a fabric 
base woven with warp threads consisting of 
an electrically insulating fibrous material and 
weft threads consisting of such electrically in- 
sulating fibrous material, conductor wires wo- 
ven into said fabric base in the areas adjacent 
respective selvages of the fabric base and ex- 
tending in the direction of the warp, and heat- 
ing wires each having an electrically insulating 
yarn wound thereon, said hearing wires being 
woven in the direction of the weft into said 
fabric base, whereby an outer selvage section, 
a conductor wire section comprising said con- 
ductor wires, an intermediate selvage section, 
an inner selvage section and a central section 
arc formed in the order mentioned from oppo- 
site side edges of the woven fabric towards the 



centre thereof in the direction of weft, the 
warp density being from 50 to 100 yarns per 
centimeter in the outer selvage section, from 
30 to 64 wires per centimeter dn the conductor 
wire section, ifrorn 50 to 100 yarns per centi- 
meter in the intermediate selvage section, from 
50 to '100 yarns per centimeter in die inner 
selvage section and from 10 to 30 yarns per 
centimeter in the central section, and the total 
weft density being from 10 to 30 yarns per 
centimeter. j 
t Also according to the present invention there 
as provided a woven heater comprising a fabric 
base woven with warp threads consisting of 
an electrkaMy insulating fibrous material and 
a weft cons&sting of such electrically insulating 
fibrous material, conductor wires woven into 
said fabric ibase in the areas adjacent respective 
selvedges of the fabric base and extending in 
«he direction of the warp, and heating wires 
each having an electrically insulating yarn 
wound thereon, said heating wires being woven 
an the direction of the weft into said fabric 
base in a manner that said heating wires pro- 
vide a plurality of separate unit heating regions 
of a predetermined length in die •warp direc- 
tion of said woven fabric base, said heating 
regions being spaced from each other by a zone 
of fabric which is composed solely of said warp 
and weft yarns, said conductor wires 
being floated above the surface of 
the fabric at optional locations, there 
being an outer selvage section, a 
conductor wire section comprising said con- 
ductor wires, an intermediate selvage section, 
an inner selvage section and a central section 
in the order mentioned from opposite side 
edges of the woven fabric towards the centre 
thereof in the direction of weft, the warp den- 
sity being from 50 to 100 yarns per centimeter 
in the outer selvage section, from 30 to 64 
wires per centimeter in the conductor wire sec- 
tion, from 50 to 100 yarns per centimeter in 
the intermediate selvage section, from 50 to 
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100 yarns per centimeter in the inner selvage 

section and from 10 to 30 yarns per centimeter 

in the central section, and 'the -total weft den- 
sity (being from 10 to 30 yarns per centimeter. 
5 The present invention will be now further 
described in part with reference to the accom- 
panying drawing which shows an embodiment 
thereof, and in which : 
•Figure 1 is a diagrammatic plan view of 
10 a woven resistance element according to an 
embodiment of the present invention; and 

Figure 2 is a fragmentary plan view in en- 
largement of -the woven resistance element 
shown in Figure 1. 
15 Referring to the drawings, there is shown 
a woven fabric 5 which is woven with warp 
__threads 1 _consisting„of _a_240 denier filament 
of Vinylon (trade name) and weft threads 3 
consisting of a 500 denier yarn of Vinylon, 
into which are woven conductor warp wires 
2,2' consisting of soft copper wire of 0.18 mm 
in diameter and heating resistance weft wires 
4 consisting of stainless steel wire of SUS 27 
grade, that is 18 — 8 Cr— Ni steel (austenite), 
and of 0.1 rmn in diameter, the heating wires 
4 having a Vinylon yam 4 J wound thereon 
at a density of 470 turns perimeter. The woven 
resistance fabric 5 is composed of outer selvage 
sections 6, 2 mm wide arranged along opposite 
side portions of the fabric and each comprising 
twelve warp yarns 1. Conductor wire sections 
7, 2.5 mm wide and each comprising sixteen 
conductor wires 2 or 2 \ are arranged Jidjacent 
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to the respective outer selvage sections. Two 

35 intermediate selvage sections 8, 5 mm wide 
and each comprising twenty^five warp yarns 
1, are arranged adjacent *o the respective con- 
ductor -wire sections. Inner selvage sections 9, 
3 mm wide and each comprising twenty-two 

40 warp yarns 1, are arranged adjacent to the re- 
spective intermediate ©edvage sections, and a 
central section 10 comprising warp yarns 1 at 
a density of 'twenty yarns per centimeter is 
arranged between die inner selvage sections 9. 

45 It should be mentioned that for the sake of 
clarity the Figures do not in some cases illus- 
trate the number of warp yarns stated above. 

-Resistance wire 4 is woven in die fabric at 

a density of 11 wires' per "centimeter and a 

50 weft yarn 3 is disposed between adjacent 
resisTance wires 4 and also outside the top and 
bottom heating wires 4 as viewed in Figure 
— 1 so Ifaat the overall density of the -resistance 
wires and weft yarns is 23 wires and yarns 

55 per centimeter. 

The resistance, wires 4- are woven in the fa- 

brie in such a manner as to form a plurality 

of separate unit resistance regions which are 
_ __ spaced from each, other by. zones 12. of fabric 
60 "which are composed solely of the warp and 
non-conductive weft yams 3. Trie conductor 
wires 2, 2 1 are partially raised to the surfaces 
of the woven fabric at optional locations by 
floating. Portions of the resistance wire are ex- 
65 tended outwardly as indicated at 11, IT for 



connection to the respective conductor wires 

2, 2 l and silver paint is applied to die contact- 
ing portions. 

The materials used in carrying out the inven- 
tion preferably consist of a yarn of synthetic 
fibre or glass fibre of 100 to 300 denier as 
the warp yarn 1, a varn of synthetic fibre or 
glass fibre of 300 to 4000 denier as weft yarn 

3, a stainless steel wire, for example, of SUS 
27 grade having a diameter Of 0.05 to 0.15 
mm as the resistance weft wire and a soft cop- 
per wire of 0.1 to 0.2 mm in diameter for 
example, as conductor warp wires 2. 

The yarn used for the warp yams 1 is made 
of a synthetic fibre or glass fibre, such as the 
fibre known as Tetoron (trade name) or Viny- 
lon (trade name), and has a size of 100 to 
300 denier, preferably 240 denier. Although 
yam of a size smaller than 100 denier can 
be woven the smaller the diameter of the yarn 
used, die higher will be the cost of the result- 
ant product, because the yarns should be bea- 
ten-up more densely in order to maintain the 
shape of the product. On the other hand, the 
use of a yarn of a size greater than 300 denier 
will result in shrinkage of the resistance ele- 
ment produced. For this reason, it is preferable 
to use a yarn of a size ranging from 100 to 
300 denier. 

The yarn used (for the warp is given a twist 
of from 300 to 500 turns, preferably 450 turns, 
per meter. The twisted yarn is preferably 
subjected to steam setting for 10 minutes in an 

"atmosphere of steam at ,100°C and is then 
sized with a polyvinyl alcohol paste and is then 
dried. These treatments are applied in order 
to prevent the yarn from fluffing, to avoid 
shrinkage of afce resultant fabric and to harden 
the yarn to prevent the woven fabric as a whole 
from losing its shape. Upon completion of 
the prehrninary treatment described above, the 
warp is beamed at a predetermined density. 

A ckscription wiM now be given of die pre- 
ferred warp densities in various sections of the 
fabric. The warp densities in the fabric must 
be selected properly taking into account the 
fact that an excessively high density will render 
the resultant fabric .unsatisfactory in respect 
of flexibility, while an excessively low density 
will render the fabric unacceptable in respect 
of strength. 'For these reasons the warp density 

_in the outer_selvage„section should be from 
50 to 100 -yarns per- centimeter, preferably 8 
yarns iper 1.5 mm. The width of the outer 
selvage section is only required to be greater 
than _1 mm and will nonmafly be from 1.5 
to 4 mm and preferably 1.5 mm. An excessive- 
ly small width of the outer selvage section is 
disadvantageous in that the conductor wares in 
the warp are pulled inwardly by she weft and 
cannot be held in a rectilinear state. On the 
other hand, an excessively great width of the 
outer selvage section, though not detrimental, 
is useless unless this section^ used for securing 
the fabric or for other *V)uTposts. 'For this 
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reason, the width of the outer selvage sections 
is preferably limited to not more than about 4 
mm. 

Disposed inwardly of the outer selvage sec- 
5 tion is the conductor wire section in Which soft 
copper warp wires serving as conductor wires, 
die number of which is determined by the cur- 
rent .to be handled, are woven with the weft. 
The conductor wires are woven in at a density 
10 of from 30 to 64 wires per centimeter, and 
in one preferred arrangement die density is 
37 wires per centimeter. Hie width of the con- 
ductor wire section is from 2 to 4 mm, (prefera- 
bly 2.5 mm. y 
15 Inside the conductor wire section is provid- 
ed the_intermetiiate^elvage-sectionr^is-sec^ 
tion as provided to ensure insulation between 
the conduotor wires and the resistance wires 
and its width is preferably at least 5 mm and 
20 may be 20 or even 30 mm an some instances. 
fJT aip densitv 1x1 tins section is from 50 
to 100 yarns per centimeter, which is the same 
as that in the outer selvage section, and is pre- 
ferably 25 yarns .per 5 mm. Normally, it is 
25 preferable for the intermediate selvage section 
8 to have a warp density which is 2 to 6 times 
as high as mat in the central section 10 An 
excessively low warp density in the former sec- 
tion would result in distortion of die resultant 
30 fabric and would also result in unsatisfactory 
msulapion between the conductor wires and rhe 

resistance^wires as a-result-of-die former-being- 

pulled towards the latter, so that the distance 
■ between diem was reduced. On the other hand, 
35 as exceedingly high warp density in this sec- " 
tion would result an a hardening of the section, 
causing a waviness in the resultant fabric so 
that the appearance of the resistance clement 
produced would be spoMed. 
40 Disposed inwards of and adjacent to .the in- 
termediate selvage section is the inner selvage 
section. This section is provided for the pur- 
pose of imparting -to that portion of the fabric 
where the resistance wires loop during the 
45 weaving operation, a strength capable of with- 
standing the tension of the resistance wire The 
width of this "section is from 3_ io." 10* mm. - 
preferably 3 mm, while its warp density is 
from 50 to 100 yarns per centimeter and is 
50 preferably 60 yams per centimeter which is 
sufficient to fulfill ithe purpose described. An 
excessively -low warp" density in this section 
will restrfr m distortion of the fabric being wo- 
— ven. . . to 

-55 — -Between the opposed inner sdvage"sectabns" 



is provided the central section. The warp den- 
sity an this section may be as low as from 

In 30 "y arns per-centimeter andls preferably 

20 yarns per centimeter. The density selected 
60 for the warp yarns in this section need only 
be sufficient to prevent loosening of the struc- 
ture of the woven fabric. 

As described previously, the weft yarn 3, 
Me The warp yarn 1, is made of a synthetic 
65 fibre or glass fibre. The yarn consists of staple 



fibres which are formed by doubling and twist- 
ing short fibres. Before the yarn is used in 
weaving the fabric, it is preferably sized with 
polyvinyl aUcohol and dried at 65°C for 10 
hours. The sizing is performed for the purpose 70 
of avoiding shrinkage of the resultant fabric 
and also to harden the yarn so as to prevent 
distortion of the resultant woven fabric as a 
whole. The size of the weft is determined by 
•the pitch at which the heating -wire is woven 75 
and is normally in the range from 500 to 1000 
denier. Where it is desired to produce a resist- 
ance element of small thickness it is obviously 
necessary to use a weft of a small diameter. 
When, on theodier hand, a ahick weft is woven 80 
coarsely, die resultant woven resistance ele- 
ment accordingly becomes thicker, although its 
cost is reduced. 

When the size of the yarn to be used for 
die weft has once been determined from the «5 
considerations mentioned above, a suitable 
weft density can be determined by the pitch 
at which the resistance wire is *o be woven 
m the fabric. For instance considerations of 
satisfactory insulation between adjacent por- 90 
fcions of the resistance wire determine that the 
maximum density at which the resistance wires 
should be woven is 12 wires per centimeter. 
In dris case, the weft yarn is to be arranged 
alternatively with the heating wire and the 95 
over all density of the ^resistance wires and weft 
yarns"wiirbe 25 wires and yarns per 1 centi- 
meter. I 
. ?^ring next ito. the resistance wire, 1 stain- 
less steed of grades up to SUS 27 and of a 100 
diameter up to 0.05 to 0.15 mm is weavable 
However, when such thin wire is used bare, the 
difficulty is encountered that during the weav- 
ong operation the resistance ware may be bro- 
ken due !to the fractional heat developed. This 105 
difficulty may be avoided by winding a yarn 
on the resistance wire before weaving. For this 
purpose, a yarn similar to that employed as 
•the weft yam is used. The size of the yarn 
is essentially determined by the thickness of 110 
the resistance, wire used. For example, a yarn 
-of— 300 to 600 denier may be used for a 
resistance wire of 0.1 mm diameter and a yarn 
of 600 to 1200 denier for a resistance wire 
_of 0.15. mm diameter.- 115 
. Before winding on to the resistance wire, 
die yarn is given a twist of 400 to 500 turns 
per meter in the anticlockwise direction. This 

^additional twist.is^necessary^because-^normally 

*he yarn in its initial state is already twisted 120 
in the anticlockwise direction at about 400 
•turns perjnejer,__so. that, if the yam were 
wound directly on the resistance wire, -ft would 
be twisted in the clockwise direction which 
wuld mean that the twist originally possessed 125 
by the yarn was reversed. If the yarn is thus 
untwisted, excessive fluffing is caused during 
the weaving operation and, in some instances, 
the yarn may even be decomposed to such an 
extent that it is no longer weavable. It is for 130 
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this reason that the yarn is twisted by 400 
to 500 turns -per meter in the anticlockwise 
direction before it is wound on to the resist- 
ance wire. In -this state, as will be appreciated, 
5 the yarn has been twisted at 800 to 900 turns 
per meter in the anticlockwise direction, includ- 
ing the twist originally imparted to the yarn. 

After the yarn in this twisted state is wound 
on die resistance wire at about 470 turns per 

10 meter, the twist remaining in the yarn is just 
about the same as that which it originally pos- 
sessed. In -this case, it should be noted that 
excessive twisting of the yarn before winding 
on to the resistance wire will result in slipping 

15 of me yarn on the surface of the hearing wire 
during the weaving operation, with the result 
that the turns of die yarn become bunched. 
'For this reason, the yarn is inquired to be 
twisted at only 400 to 500 turns per meter 

20 and preferably at 470 turns per meter. 
Insufficient twisting of the yarn will produce 
less friction reducing effect, whereas excessive 
twisting will cause unsatisfactory contact be- 
tween the resistance and conductor wires and 

25 itherefore is not desirable, 

In .that region 11 of the conductor wire sec- 
tion »into which .the resistance weft wires pro- 
ject the weft yarns and the resistance weft wires 
are disposed alternately and each of the con- 

30 ductor wires extends alternately over and be- 
neath the successive weft yarns and resistance 
wires thus disposed. In other portions of the 

— 1 conductor wire section wherein no resistance 

wires are interlaced, on the other hand, the 

35 conductor wires may extend in such manner 
mat each of them runs over two or three weft 
yarns and then beneath the following two or 
three weft yarns and this continues until the 
next projecting portion . of resistance wire is 

40 reached. 

This mode of weaving eliminates the liabil- 
ity of the conductor wires being cut or snapped 
and a conductor wire section of this construc- 
tion is stiff. 

45 The resistance fabric woven as described, 
above is preferably coated at portions where 
■the conductor wires contact the heating wire 
wirh an electrically<onductivc„paint, e.g. _s|l-_ 
ver paint, in order to ensure satisfactory elec- 

50 trical contact between the wires. 

As described -previously, the weft density is 
determined by the diameter of the resistance- 
wire to be woven in and the size of the yarn 
to be used as the weft. The maximum density 

55 of the resistance wires is 12 wires per centi- 
meter, because a density higher than this will 
result in undesirably reduced flexibility of the 
resultant resistance fabric. Between adjacent 

resistance wires is disposed at least one weft 

60 yarn. 'From the standpoint of flexibility of the 
resultant heating fabric, the overall density of 
the resistance wires and weft yarns is prefera- 
bly not higher than 25 wires and yarns per 
centimeter. In weaving the hearing fabric, it 

65 is preferable that the resistance wire, having a 



"yarn wound thereon, is woven into the fabric 
so that it forms a plurality of separate unit 
resistance regions of a common predetermined 
length, adjacent resistance regions being 
spaced from each other by a zone of fabric 
which is composed solely of the insulating warp 
and nonconductive weft yams; that the con- 
ductor wires are floated over the surfaces of 
the woven fabric at predetermined locations 
and that the turns of the resistance wire at 
each side of the fabric are partially interlaced 
wirh or wound about die conductor wires on 
the respective side. 

In use of a resistance (fabric woven in the 
manner described as a planar bearing element, 
<rhe surfaces of the resistance fabric are insul- 
ated by embedding the fabric in a synthetic 
resin by impregnating it with the synthetic 
resin, or by covering its surfaces with cushion- 
ing fabrics, such as glass mats or glass cloths, 
which are heat bonded under pressure to the 
surfaces from both sides by means of a ther- 
mosetting resin with which they are impreg- 
nated, or by covering (the surfaces with sheets 
of synthetic resin which are attached thereto 
by means of an adhesive, or by covering <hc 
surfaces with thermoplastic resin sheets melt- 
bonded thereto with heat. 

An example wherein the resistance fabric is 
used as a planar heating element is described 
below. 

A resistance fabric obtained in die manner 
described above was coated with styrene mon- 
omer and was embedded in a maleic acid 
phthalate polyester resin in the manner de- 
scribed below. Specifically, two sheets of tem- 
pered glass were provided and a releasing 
agent, such as, for example, polyvinyl alcohol, 
was applied «hinly to the surface of one of 
said sheets of glass. Over the layer of releasing 
agent was ccated a maleic acid phthalate po- 
lyester resin and the surface of said resin coat- 
ing was then sprayed wirh styrene monometer 
to eliminate air bubbles present in the resin. 
When (the resin was partly solidified into a jel- 
ly-like state, the resistance fabric previously 
coated with styrene was placed on the jelly- 
like resin and then the top surface of the styr- 
ene-coated fabric was uniformly coated wkh 
a small amount of maleic acid phthalate po- 
Jyester resin and further with styrene to free 
the-resin of air bubbles. The other sheet of 
(Tempered glass, having a layer of -jelly-like 
maleic acid phthalate polyester resin previously 
formed on a surface thereof in the manner de- 
served above, was then placed on the fabric 
with the jelly-like layer facing downwardly so 
carefully that no air bubbles were trapped be- 
tween the fabric and the glass. A pressure of 
1 kg/cm 2 was applied continuously to die top 
glass until die resin interior of the sheets of 
glass presented a jelly-like state. Then fol- 
Jowed heating at 60°C to 80°C. for 10 to 20 
minutes, thereby to cure the resin. After cur- 
ing, the resin was allowed to cool to about 
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40°C. and then the sheets of (tempered glass 
were removed, whereupon the desired planar 
heating element was obtained. 
•A planar resistance element produced in die 

5 manner described 'hereinabove as advantageous 
in that it is (free from wrinkle, because, since 
the resistance wire is woven pamaally in place 
of the weft yarn, it is not permitted, during 
the weaving operation, to become slack nor to 

10 curve as a 'result of uhe curvature previously 
imparted to the resistance wire during storage 
on a spool. 

Another advantage of the inventive planar 
heating element is ithat, since the adjacent unit 
15 heating regions of a predetermined heating ca- 
pacity or a predetermined (resistance may be 
spaced from each other by a zone of fabric 
which is composed solely of the insulating 
warp and nonconduct-ive weft yams, not only 
20 is it possible to obtain positive insulation be- 
tween (the resistance wires in adjacent resist- 
ance regions but also the regions can easily 
be separated from one another by cutting the 
intervening fabric In addition, when holes are 
23 required to be bored at a portion of a plastic 
embedded -resistance element for support or for 
other purposes, such holes can be provided in 
itihe insulating zone of fabric formed between 
adjacent resistance regions. Still another ad- 
30 vantage of the invention is that the resistance 
wires in respective unit heating regions may 
be connected in series or in parallel by cutting 
the portions of fthe lead wires which float on 
35 the surfaces of the woven fabric at optional 
{locations and this advantageous effect of the 
invention may be further enhanced by using 
an arrangement in which a plurality of unit 
resistance regions are provided as previously 
described for separation from one another. A 
resistance element constructed in accordance 
with the invention has a high flexibility and 
a sufficient strength. Furthermore, since the 
surfaces of the inventive heating element may 
45 be covered with a material such as synthetic 
resin, the heating element itself is not subject- 
ed to atmospheric influences and has an ac- 
ceptable feeling to the human skin when used 
as a body-heating appliance. 
50 WHAT WE CLAIM IS : — 

1. A woven heater comprising a fabric base 
woven with warp threads consisting of an elec- 
trically insulating 'fibrous material and weft 
threads consisting of such electrically insulating 
55 fibrous material, conductor wires woven into 
said fabric base in the areas adjacent respective 
selvages of the fabric base and extending in the 
direction of the warp, and heating wires each 
having an electrically insulating yarn wound 
60 thereon, said heating wires being woven in the 
direction Of the weft into sail fabric base, 
whereby an outer selvage section, a conductor 



wire section comprising said conductor wires, 
an intermediate selvage section, an inner sel- 
vage section and a central section are formed 65 
in Hhe order (mentioned from opposite side 
edges of the woven fabric ttowards die centre 
thereof in the direction of weft, the warp den- 
sity being from 50 to 400 yams per centimeter 
in the outer sekage section, from 30 to 64 70 
wires per centimeter in the conductor wire sec- 
tion, faom 50 to ,100 yams per centimeter in 
the intermediate selvage section, from 50 to 
100 yarns per centimeter in the inner selvage 
section and from 10 to 30 yarns per centimeter 75 
in tthe central section, and the total weft den- 
sity being from 10 to 30 yarns pea* centimeter. 

2. A woven heater according to claim 1 said 
heating wires being interlaced into said fabric 
base an such a manner that said heating wires gO 
provide a plurality of separate unit heating re- 
gions of a predetermined 'length (longitudinally 

of said woven fabric base, said heating regions 
being spaced from each other by respective 
zones of fabric composed solely of insulating 85 
warp and nonconductive weft yarns, said con- 
duotor wires being floated above the surface 
of the fabric at optional locations. 

3. A woven heater according to Claim 1, 
wherein the intermediate selvage section has 90 
a warp density of from 2 to 6 times the warp 
density of the central section. 

4. A woven heater according jo Claim 1, 
wherein die warp density of »he outer selvage 
section is 8 yams per 1.5 maHmieters, of me 95 
conductor wire section is 37 wires per centi- 
meter, of the intermediate selvage section is 

5 yarns per millimeter, of the inner selvage 
section is 60 yarns per centimeter and of die 
central section 5s 20 yarns per centimeter: 100 

5. A woven heater according to Oaim 1, 
wherein the width of the outer selvage section 
is from 1 millimeter to 4 millimeters, of die 
conductor wire section is from 2 mMmeters 

to 4 millimeters, of the intermediate selvage ir* 
section is from 5 millimeters 10 30 millimeters, 
and of the inner selvage section from 3 milli- 
meters to 10 millimeters. 

6. A woven heater according to Claim 5, 
wherein (the width of the outer selvage section iia 
is 4.5 millimeters, of fthe conductor wire sec- 
tion is 2.5 millimeters, of the intermediate sel- 
vage section as 5 (millimeters, and of the inner 
selvage section is 3 (millimeters. 

7. An electric resistance element substantial- 1 1 c 
ly as hereiribefbre described with reference to 

the accompanying drawjng. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House. 
303—306 ffigh Holborn, 
London, V7.C.1. 
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